A borehole that penetrated 585 m of soil deposits and terminated 9 m into Paleozoic bedrock was completed near the New Madrid Seismic Zone of the central United States. A vertical array of strongmotion accelerometers and broadband seismometers-the Central United States Seismic Observatory (CUSSO) was installed. CUSSO provides a test site for verification and calibration of seismic-wave propagation analysis and near-surface seismic exploration. Preliminary results show that velocity models produced from the P-wave walkaway soundings, P-wave arrival of earthquake recordings, and downhole P-wave suspension measurements at CUSSO are comparable; however, the S-wave suspension log model underestimates the velocity compared to the models derived from S-wave walkaway soundings and S-wave arrival of earthquake recordings. Significant sediment disturbance in the borehole annulus is speculated to have affected the accuracy of the S-wave suspension log, whereas the saturated condition of the soft sediment at depth made the downhole P-wave measurements less susceptible to the sediment disturbance.
Introduction
A deep borehole was drilled in the central United States (Fig. 1) for the installation of a seismic observatory: the Central U.S. Seismic Observatory (CUSSO) . The site is in the northern part of the Mississippi Embayment (Fig. 1) , a south-plunging synclinal trough characterized by gently dipping post-Paleozoic sediments that thicken to the south. The borehole penetrates 585 m of loose to stiff unlithified sediments (Holocene to Paleocene in age) and 9 m of Ordovician limestone (bedrock). The goal of CUSSO is to rigorously evaluate the effect of soil conditions on seismic waves (weak and strong ground motion) near the center of the New Madrid Seismic Zone through (1) geological logging, (2) in-situ measurement of P-and shear-wave velocity, and (3) an array of surface and borehole seismic instruments Woolery and Wang, 2010) . 
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Site investigations
Prior to casing the hole, electrical, sonic velocity (P-and S-wave), and deviation logs were acquired. The overall stratigraphic interpretation is shown in Figure 2 , based on the cutting samples collected at the wellhead, electronic-logs, and the driller's log. The contact between the surficial alluvium and the underlying Jackson Formation was interpreted to be at 45.7 m below the surface. This boundary marks a distinct lithologic change between the overlying coarse sand and gravel and underlying black clay. The sand and cemented sand is correlative with the Claiborne Formation, and the underlying clay is correlative with the Wilcox Formation. A distinctive change is also evident in the gamma and spontaneous potential logs (Fig. 2) . The contact between the Jackson Formation and the underlying Claiborne Formation was placed approximately 131.1 m below the surface. A lithologic change was interpreted from the driller's log, sonic logs, as well as the electric logs. The boundary separating the Claiborne Formation and the underlying Wilcox Formation is at approximately 274.3 m below the surface. The contact was interpreted from litholigic differences and a distinctive change in the gamma log. The Wilcox Formation is separated from the underlying Porters Creek Clay at approximately 396 m below the surface, and is relatively easy to identify lithologically and geophysically. The Porters Creek is a distinctive, thick sequence of clay and underlies the sandy clay of the Wilcox Formation. This lithologic change is also evident in the gamma and spontaneous potential logs. The contact between the Porters Creek Clay and the underlying Clayton and McNairy Formations is approximately 484.6 m below the surface. Lithologically, there is distinct contrast between the overlying clays and the underlying sand and clays of the Clayton and McNairy Formations, exhibited well on the spontaneous potential log (Fig. 2) . The Clayton and McNairy Formations, boundary with the underlying Paleozoic bedrock (limestone) is approximately 585 m below the surface, shown well on the gamma, spontaneous logs, and sonic logs (Fig. 2) .
The seismic refraction and reflection soundings used a variety of energy source-to-receiver offsets with a 48-channel, 24-bit engineering seismograph with an instantaneous dynamic range of 115 db. The data were collected at a sampling interval of 0.5 ms. The digital low-cut filter on the seismograph was 15 Hz, and the high-cut filter was out. The receiver interval for all soundings was 4 m. The SH-wave tests utilized two inline spreads of 24-and 30-Hz, horizontally polarized geophones. Conventional Pwave seismic-reflection data were acquired by the common-mid-point (CMP) seismic profiling technique. A routine processing sequence for most high-resolution seismic-reflection work (Steeples and Miller, 1990) was used. All seismic data were processed on a personal computer using the commercial signal-processing software VISTA 7.0 (Seismic Imaging Software, 1995) . Figure 3 shows the P-and Swave velocity models derived from the refraction/reflection soundings and the suspension logs.
Instrumentation and seismic wave propagation
A combination of strong-motion accelerometers and medium-period seismometers was installed at varying depths at CUSSO (Fig. 4) . The four strong-motion accelerometers at CUSSO provide a direct measurement of strong motion propagating from the bedrock through the soil column to the surface and allow us to evaluate how various segments of the soil column alter the characteristics of strong-motion propagation. The medium-period seismometers (0.06-50 Hz) also provide direct measurement of the sediments' effects on seismic wave propagation, and along with the accelerometers provide a means for calibrating free-field stations in the region.
The recordings from CUSSO were used to calculate P-and S-wave velocities. As shown in Figure 3 , the average P-and S-waves velocities for the whole sediment column determined from the first arrivals of P-and S-wave are about 1,750 m/s and 600 m/s, respectively. The average P-wave velocity estimated from first arrivals of earthquake recordings is similar to those from walkaway soundings and the downhole P-wave suspension measurements. The S-wave velocity from the suspension log is much lower, however, than velocity from walkaway soundings and the first arrivals of earthquake recordings. The discrepancy is as much as 300 m/s at shallow to intermediate borehole depths. Significant instability and occasional collapse of the borehole wall occurred when the upper part of the borehole was drilled; consequently, we speculate that the significant sediment disturbance in the borehole annulus and immediate vicinity adversely affected the accuracy of the S-wave suspension log. The saturated condition of the soft sediment made the downhole P-wave measurements less susceptible to sediment disturbance. The recordings from CUSSO were also used to analyze P-and S-wave propagation through the sediments. Figure 5 compares observed velocity (in red) with simulated velocity (in blue) at the surface. The simulation, based on the Haskell-Thomson transfer matrix method (Haskell, 1951) , used input parameters derived from in-situ measurements (Figs. 2 and 3) . The input velocity time history was the velocity time history recorded at bedrock (Fig. 4a) . As shown in Figure 5 , the simulated velocity time history (in blue) is quite similar to the observed velocity time history (in red). 
Summary
Characterization of the near-surface soft sediments, which are of significance for engineering and environmental considerations, is an important component of applied geophysics. A borehole penetrated 585 m of soil deposits and terminated 9 m into Paleozoic bedrock near the New Madrid Seismic Zone of the central United States. A vertical array of strong-motion accelerometers and broad-band seismometers-the Central United States Seismic Observatory was installed. CUSSO provides a test site for verification and calibration of seismic wave propagation analysis and near-surface seismic exploration.
Preliminary results show that velocity models produced from the P-wave walkaway soundings, Pwave arrival of earthquake recordings, and downhole P-wave suspension measurements at CUSSO are comparable; however, the S-wave suspension log model underestimates the velocity compared to the models derived from S-wave walkaway soundings and S-wave arrival of earthquake recordings. Significant sediment disturbance in the borehole annulus is speculated to have affected the accuracy of the S-wave suspension log, whereas the saturated condition of the soft sediment at depth made the downhole P-wave measurements less susceptible to the sediment disturbance.
